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[62] Some of the upper bounds may be + co and'some of the lower bounds may be -m, in which case they are ignored.
Some of the upper and lower bounds may be the same (single specification/constraint). An acceptable and feasible design is one for which the inequalities are satisfied. It is the job of the designer to ensure that his design problem is specified in a physically meaningful way.
For notational simplicity we define a specification s;, which may be an upper or lower response bound or constraint bound, and a corresponding weight x; such that (4) where all subscripts are dropped to avoid confusion, y is F, or C. y will be called the approximating function. It is understood that (4) must include all design specifications and constraints implied by (1) and (2).
The Objective Function
The objective function to be minimized is computed
and the gradient vector as [6] 'U+-($)")''q'-'(+ive) '6) where eewz(y-s) -:
M-maxe (8) qe-psgn M We assume that all responses are to be considered on the interval [O,zu) or subintervals or points contained in that interval of the independent variable z. Let the total number of response functions F, be n,. Then we let
where r = O denotes that n. constraint functions C, are to be considered for z = 1,2,... ,n..
Thus we can identify any response function to be considered and the point at which it is to be calculated as well as any constraint function by examining the value of z' as follows: I z! > n,zw then y~C, Vy +--VC if (11) (r-1)2.~z' < rzuforanyr < {1,2,...,n,) then y h F., Vy +-vF,.
III. IMPLEMENTATION
The Subprograms Fig. 2 Table I for a summary of the features and options currently programmed and the parameters which must be specified by the user. Tables 11 and III The package will optimize a cascade connection of the two-port elements listed in Tables II and III . Elements 1-15 may be connected in any order (sequentially from the source to the load) using as many as required or as many as the computer being used can accommodate.
The first six elements are one-parameter lumped ele- namely, insertion loss in decibels (see Table I ) and its derivatives (r = 2). When r = 3 the group delay in nanoseconds is calculated for elements 1-15. Sensitivities are calculated by perturbation techniques since the small savings in computing time realized by the adjoint network method [5] did not seem to be worth the additional programming complexity.
The group delay and sensitivities for the C-type and D-type sections are calculated from analytic expressions [11] .
Additional response functions and constraints are readily accommodated in WPROX since these are identified by 2'.
IV. EXAMPLES Example I
To illustrate the input data and output results we optimized the high-power output filter considered previously [7] . Fig. 3 shows the circuit diagram, and Fig. 4 shows actual user-specified data printed out by the package.
This data defines the problem to be solved. Note that only the slope reactance and susceptances at 11885.5 MHz are varied. The specifications to be met are 0.85 dB on the interval 11 843-1 1928 MHz, which is the passband, and at least 66 dB at 11700 MHz, at least 31 dB at 12038 MHz, and at least 41 dB at 12080 MHz. Observe that the response at the starting point is printed out (Fig. 5) , results for p = 2 (Fig. 6) , and results for p = 1000 (Fig. 7) , where the starting point for p = 1000 is the best solution reached using p = 2.
Note the large number of significant figures to which the structure has symmetrical parameter values. Since the corresponding parameters were not forced to be symmetrical we feel this is a good indication of the efficiency of the package along with the very small execution times. The results differ slightly from those presented previously [7] since an upper (passband) spec&cation of 0.85 dB was not explicitly demanded before. The execution times are also significantly improved. The parameters were unconstrained here.
Example 2
This example concerns the design of an optimum group delay equalizer using one microwave C-section [7] . The given delay and the starting and optimized values of the parameters as well as the corresponding total relative group delay is shown in Table IV .
To give an indication of increased efficiency, the execution times obtained previously [7] for p = 2, 10, and 10000 were about $ s, l% s, and 10 s, as compared with the corresponding figures shown in Table IV 4.
-o.
-o. Fig. 6 . Printout of results forp = 2forthe filter design example. (a) 
